A fraction isolated from the anterior pituitary glands of rats castrate for 8 weeks contained essentially a single cytoplasmic constituent with which the major portion of the gonadotropic hormone activity was associated. The glands were homogenized in an 0.25 ~ sucrose q-7.3 per cent polyvinylpyrrolidone (PVP) solution and fractionated by differential centrifugation to give a heterogeneous small granule fraction which contained almost all the gonadotropic hormone activity. The active supernatant containing this small granule fraction was separated into layers by isopycnic gradient centrifugation on a continuous 6 to 45 per cent sucrose q-17.5 per cent "diodrast" + 5 X 10 -4 M "versene" gradient at 100,000 g for 2 hours. Three layers were obtained and the pellet from the active bottom layer was sectioned, examined with the electron microscope, and found to contain 200 m/z granules, mitochondria, ergastoplasm, and other cellular debris. This layer was fractionated further by isopycnic and differential centrifugation to obtain a pellet which contained the major portion of the gonadotropic hormone activity. Because of the heterogeneity of this fraction, due to the contamination of the 200 m# granules with mitochondria and other cellular debris, the active layer and the resuspended active pellet, obtained by centrifuging this layer first at 17,000 g then diluting the supernatant and centrifuging at 30,000 g for 1 hour, were filtered through Millipore HA paper with a pore size of 0.45 #. The cytoplasmic material containing the gonadotropic hormone activity passed through the filter paper and this activity was recovered in the pellets obtained by centrifuging at 100,000 g for 1 hour. These active pellets consisted almost entirely of 200 m# granules with a minimum amount of contamination, and they contained the major portion of the gonadotropic hormone activity with practically none remaining in the supernatant fraction. These results are discussed in view of their importance to the cytology of the pituitary gland.
or present in, some cytoplasmic structural element. Several workers (6, 24, 19, 7, 8, l, 10) have approached the problem o[ hormone distribution by assaying the different pituitary hormones in various fractions. A review of the details of this work and morphological studies on rat pituitary glands is presented elsewhere (5) . Although the distribution patterns are interesting, it is very difficult to analyze the results and make broad generalizations because the determinations were made on material from different" animals (rat, sheep, hog, beef) homogenized in different media (water, saline, 0.25 M sucrose and 0.88 M sucrose) and on fractions obtained in different centrifugal 2O9 ;~ The experiments reported here were done with the objective of isolating a homogeneous fraction from the cytoplasm of rat pituitary glands with which the major portion of the gonadotropic hormone is associated.
Materials and Methods

Source of Glands and Preparation of Homogenates.--
Adult male and female rats 1 of the Holtzman strain were castrated and kept for 6 to 10 weeks to allow for the postcastrati6n increase in gonadotropic hormone activity before their pituitaries were used for fractionation purposes. The animals were killed by cervical dislocation, and the pituitary glands were removed, placed on a damp paper towel, and the anterior and posterior lobes were separated. The anterior portion was placed in a moist chamber which was kept cold in an ice bath. Suffi~zient anterior pituitaries were collected to provide the volume of homogenate required for subsequent procedures. The grouped glands were weighed, placed in a cold, sharp-pointed homogenizing tube, and a 5 per cent homogenate was prepared in a medium consisting of 0.25 M sucrose and 7.3 per cent polyvinylpyrrolidone (PVP) adjusted to pH 7.4 (15) . In preparing homogenates the pituitaries were mashed with the pestle instead of grinding to avoid "solubilizing" the gonadotropic material (12) .
Di~erential Centrifugation.--The homogenates were separated into various granule and supernatant fractions by centrifuging in the multispeed head of a refrigerated International centrifuge (IC) which was kept at 4°C. The speed and times used in this study were essentially ~those reported by McShan and Meyer (12) . The whole homogenate (WH) was centrifuged at 275 g for 10 minutes. The resulting supernatant ($1) was poured into another centrifuge tube and the pellet, the nuclear fraction (NF), which was shown to contain negligible amounts of gonadotropic activity, was discarded. The S~ fraction was centrifuged at 4,400 g for 20 minutes and the large granule (LG) pellet obtained at this speed was resuspended in the homogenizing solution and assayed. The supernatant ($2) was removed with a No. 20 needle attached to a 5 ml. syringe, care being taken not to include the fluffy layer just above the compact pellet. The $2 fraction, which was later used as the starting material for gradient centrifugation, was centrifuged at 20,400 g 1 The rats were donated by the Holtzman Company, and Endocrine Laboratories of Madison, Wisconsin, and the Department of Biochemistry, University of Wisconsin. for 1 hour to obtain an active small granule (SG) pellet and the final supernatant ($3). The various fractions were assayed and the SG pellets were fixed for examination with the electron microscope. The $3 fraction was assayed, and the results were used as an index of the amount of gonadotropic hormone which was "solubilized" off the cytoplasmic structural elements.
Isopycnic Gradient Centrifugation.--Continuous gradients were prepared in a gradient machine which was constructed after the design of Dr. R. M. Bock reported by Sinclair et al. (23) . In preparing these gradients several solutions, including sucrose and sucrose-polyvinylpyrrolidone solutions, were tried but were found to be unsatisfactory because they did not provide the required density range without becoming too viscous. Diodrast, the diethanolamine salt of 3,5-diiodo-4-pyridone-N-acetic acid, which is available commercially as a 70 per cent (W/V) aqueous solution (density 1.36), was suggested by Holter et al. (9) and Ottesen and Weber (16) for use in preparing a dense solution for gradient centrifugation. This compound satisfied the requirements of having a high density (1.36), chemical inertness, low viscosity, moderate osmotic effect, and miscibility with water (16) . The solutions used in this study were 6 and 45 per cent (gin./100 ml.) sucrose solutions which contained 17.5 per cent diodrast and 5.10 -4 M versene, the disodium salt of ethylenediaminetetraacetic acid. The pH of the solution was adjusted to 7.2 with potassium hydroxide. The approximate density range provided by preparing the gradients from these two solutions was from 1.112 (the less dense solution) to 1.258 (the more dense solution). In preparing the gradients the machine was calibrated to deliver a total of 4 ml. of solution to each tube.
One ml. of the S~ fraction from differential centrifugation was carefully layered on the surface of the gradients with a 5 ml. syringe. The tubes were placed in a swinging bucket head (SW-39) and centrifuged on a Beckman Spinco model L centrifuge. The optimum time and speed to obtain equilibrium was found to be 100,000 g for 2 hours. The layers were removed from the tube (Fig. 5 ) with a long needle attached to a 1 ml. syringe placed in a special holder making it possible to lower the tip of the needle at a slow rate into the desired layer and withdraw the material into the syringe. All layers were removed and assayed. The dense layers were also diluted with 0.88 • sucrose and centrifuged at 100,000 g for 1 hour to obtain pellets for examination with the electron microscope.
Isopycnic and Differential Centrifugation.--The
active layer (S~E) obtained by gradient centrifugation was placed in a tube, centrifuged at 17,000 g for 1 hour in the International refrigerated centrifuge to obtain an inactive pellet (S2EICP) and an active supernatant (S2EICS). This supernatant was diluted with 0.88 ~* sucrose and centrifuged at 30,000 g for 1 hour to obtain an active pellet (S~EICSPa0-~0) and supernatant (S, EICSS30-e0) which contained relatively small amounts of activity. This supernatant (SeEICSS30-60) was centrifuged at 100,000 g for 1 hour to obtain a final pellet (S2EICSP100-~o) and supernatant (S~EICSS100.60). All of the fractions were assayed, and the pellets were fixed for observation with the electron microscope.
Microfittration.--The filter paper with a pore size of 0.45 ~ (HA type) used in this study was obtained from the Millipore Filter Corporation, Watertown, Massachusetts. This paper was placed in a "Swinny hypodermic adapter" which can be used on a standard syringe. The resuspended S~EICSP30_60 pellet and the S2E layer were diluted to 3 ml. with 0.88 ~t sucrose and filtered. Before and after this filtration a ml. of the suspending medium was washed through the filter and included with the filtrate. This was done to prevent loss of material. The filtrate was diluted to 5 ml. with 0.88 M sucrose and centrifuged at 100,000 g for 1 hour. The filtrate (S2EF), filtrate pellet (S2EFP), and supernatant (S2EFS) were assayed and the pellets was prepared for electron microscopic observation.
Preparation of Material for Study with the Electron
Microscope.--The pellets which were to be studied with the electron microscope were prepared according to the method described by Palade and Siekevitz (17) . The supernatant was removed from the sedimented fraction and the cellulose tube was cut away exposing the pellet. These pellets were fixed at 0°C. in 1 to 2 per cent osmium tetroxide dissolved in the suspending medium. The fixed material was dehydrated by passing it through a methyl alcohol series of increasing concentration to n-butyl methacrylate and imbedded in a 1:5 mixture of methyl methacrylate and n-butyl methacrylate. The methacrylates were handled according to the procedures of Moore and Grimley (14) . Thin sections were made on a Porter-Blum microtome. The ribbon of sections was flattened by passing a piece of filter paper soaked in xylol over the sections as reported by Satir and Peachey (20) . The sections were examined with a RCA EMU-2 electron microscope which was fitted with a 50~ objective aperture. Pictures with original magnifications of 2000 to 7000 were obtained and enlarged photographically to the desired magnification.
Bioassay Procedure.--The procedure used to assay the gonadotropic hormone potency of the various fractions and the homogenates was essentially the procedure reported by McShan and Meyer (12) . The homogenates and various pellet and supernatant fractions were assayed in normal 21 day old female rats of the Holtzman strain. All of the dosages were calculated on the basis of milligrams equivalent of fresh tissue. The dosages desired were diluted with 0.9 per cent sodium chloride solution so that each rat received 0.5 ml. on the afternoon of the 1st day and 0.5 m]. on the mornings and afternoons for the next 4 days. The animals were autopsied on the morning after the last injection. The ovaries were removed, dissected free from other tissues, examined for the presence of follicles and corpora lutea, and weighed.
RESULTS AND DISCUSSION
An electron micrograph of a basophil cell o[ intact anterior pituitary tissue from a castrate rat is shown in Fig. 1 (12) for obtaining a small granule fraction (SG) which contained a major portion of the gonadotropic hormones (Diagram 1) was repeated, and the results obtained with 0.88 ~ sucrose homogenates substantiated their findings (Table I ). This active SG pellet was examined with the electron microscope (Figs. 2 and 3 ) and shown to be very heterogeneous. It consisted of dense granules of various sizes, ergastoplasm with its associated granules which have been shown by Palade and Siekevitz (17, 22) to contain ribonucleoprotein (RNP), and both small dense and larger swollen mitochondria. The presence of mitochondria in this fraction had been shown previously by microscopic studies and determination of succinoxidase activity (12, 13) . Many of the small dense mitochondria showed signs of swelling and separation of the outer from the inner folded membrane.
A mixture of 0.25 M sucrose and 7.3 per cent polyvinylpyrrolidone (PVP) was examined as a possible homogenizing medium because of its reported ability to maintain the structural integrity of mitochondria for longer periods of time than other media (15) . Using the same fractionation procedure (Diagram 1) as used with 0.88 sucrose homogenates, similar fractions were obtained from the 0.25 M sucrose-7.3 per cent PVP homogenates and assayed. The assay results are shown in Table I . The distribution of gonadotropic hormone activity followed the same pattern as with 0.88 ~ sucrose homogenates with perhaps slightly more activity in the granule fractions and much less appearing in the final supernatant ($3).
Electron micrographs of sections of small granule (SG) pellets obtained from the new medium (Fig. 4) Table I. parent. The 0.25 M sucrose-7.3 per cent PVP solution was selected as the standard homogenizing medium, there[ore, because it decreased the amount of gonadotropic activity in the supernatant fraction (Sa) and because of evidence that it gave a better preservation of cytoplasmic constituents.
It was obvious from this work that other techniques would have to be applied to determine with which cytoplasmic constituent the gonadotropic hormone activity is associated.
Isopycnic Gradient Centr(fugation.--Isopycnic
gradient centrifugation was tried as a possible means of avoiding the heterogeneity of the pellets obtained by differential centrifugation. According to Ottesen and Weber (16) the separation of cytoplasmic constituents by this method depends on their densities and is independent of their mass and geometric properties.
It was necessary to choose a gradient solution which would not inactivate the gonadotropic activity or disrupt the cytoplasmic material, and which would give the density range necessary to allow the particles to reach density equilibrium. After trying several solutions such as different concentrations of sucrose and sucrose-PVP, which were not effective in providing the density range that was required, a 6 to 45 per cent sucrose-17.5 per cent diodrast-5.10 -4 M versene gradient was selected. It was found that centrifugation at 100,000 g for 2 hours was required for the particles to come to equilibrium. Further centrifugation caused no perceptible change in the layers in the gradient tube.
One ml. of the active $2 fraction, (Diagram l) obtained by differential centri[ugation, was layered on the top of the gradient and was centrifuged for the required period. The distinct layers Table II for the assay results. The top layer (S2A) contained the soluble material from the $2 fraction which did not pass into the gradient during centrifugation. The amount of gonadotropic activity in this fraction was low and similar to that found in the Sa fraction (Fig. 1, Table I ). The two narrow dense layers (S2B and $2C) contained essentially no gonadotropic activity as shown by the presence of ovaries of the control weight even on a dose of 40 rag. equivalent. Sections of the pellets from these layers examined with the electron microscope showed that they consisted of finely divided ergastoplasm with its R N P granules, but very few mitochondria or granules from the acidophils and basophils. The clear layer between the $2C layer and the S2E layer contained negligible amounts of activity and cytoplasmic material was not visible in this layer.
The broad dense layer (S2E) which was located three-quarters of the way to the bottom of the gradient contained the major portion of the gonadotropic activity. Some difficulty was encountered when attempts were made to centrifuge the cytoplasmic material from this layer. It was necessary to recover this material in pellet form for sectioning for study with the electron microscope and for assay to determine whether the gonadotropic hormone was still associated with solid material. Several solutions were used for diluting the S2E fraction for centrifugation. The hormone activity was found in the supernatant fraction except when 0.88 sucrose was used. In this case on centrifuging at 100,000 g for 1 hour, the major part of the gonadotropic activity was found in the pellet with very little in the supernatant fraction (Table II) .
The pellet (S2EP) was sectioned and examined with the electron microscope (Figs. 6 and 7) , and stratification was apparent. Sections from one part of the pellet contained mostly mitochondria and cellular debris, whereas sections from another part of the pellet contained granules approximately 200 m# in diameter. The presence of the activity in this layer (S2E) and the absence of :~ Numbers given in parentheses are dosages in milligrams equivalent of fresh tissue and mean weight of ovaries (Dose: mean weight). Details of these assays are given in Table II . Table II) S.zmsupernatant 4,400 g (see Diagram 1) . S:A--the top layer in the gradient tube which contained the material which did not migrate on centrifugation. So-B--the narrow dense layer found just below the SO-A layer. So, C--the narrow dense layer found just below the S2B layer. S_,D--clear layer between the $2C and SO-E layers. S2E the broad dense layer which formed three quarters of the distance to the bottom of the gradient. S._,EP and S:ES--the pellet and supernatant obtained by diluting the S~E layer to 5 ml. with 0.88 ~ sucrose and centrifuging at 100,000 g for 1 hour. S2EF paper, S~EF--the paper and filtrate obtained by diluting the S~E layer to 3 ml. with 0.88 ~ sucrose and filtering through Millipore HA paper with a pore size of 0.45/z. S2EFP and S~EFS--the pellet and supernatant obtained by diluting the S2EF filtrate to 5 ml. with 0.88 M sucrose and centrifuging at 100,000 g for 1 hour. SO-EICP and S2EICS--the pellet and supernatant obtained by centrifuging the S.,E layer on the International centrifuge for 1 hour at 17,000 g. SO-EICSP30-60 and S2EICSS~0-60--the pellet and super- natant obtained by centrifuging the S2EICS for 1 hour at 30,000 g. S,.,EICSP3o.6o ~ and S~E[CSP~0-6fi--the residue and extract obtained by resuspending the S2EICSP~0-6o pellet in 0.9 per cent sodium chloride solution and centrifuging at 100,000 g for 30 minutes. Three extractions were made and the supernatants were combined to give the extract and the final pellet was the residue. S2EICSPloo-so and S2EICSSl00_~o--the pellet and supernatant obtained by centrifuging the $2EICSS3o_6o for 1 hour at 100,000 g.
Designation of Fractions (Diagram 2,
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ISOLATION OF PITUITARY GRANULES activity in the other layers indicated that the gonadotropic activity was associated with cellular constituents in this layer and absent from the cytoplasmic material in the S~B and $2C layers.
Isopycnic and Differential Centrifugation.--The stratification observed in the S2EP pellet suggested that it might be possible to separate the cellular constituents on the basis of their seemingly different sedimentation rates. From some of the preliminary attempts to obtain a pellet from the S2E layer it was found that an inactive pellet could be separated when this layer was centrifuged at 17,000 g for I hour in the International Centrifuge.
Since this pellet (S2EICP) contained negligible amounts of activity (Table II) , this appeared to be a suitable method for removing some of the cellular material which was not associated with the hormone activity. The gravitational field could not be increased over 17,000 g without hormone activity showing up in the pellet. The sections of the S2EICP pellet (Fig. 8) show that it contained mostly mitochondria and other cellular debris with some granules throughout the fraction.
The supernatant (S~EICS) was then diluted to 5 ml. with 0.88 M sucrose and centrifuged at 30,000 g for 1 hour. This pellet (S,EICSP~0_60) contained the major portion of the gonadotropic activity. The speed was kept to a minimum so that the cellular material which was not associated with the hormone activity would remain in the supernatant fraction. It was found that a relatively inactive pellet (S2EICSP100-6Q) was obtained by centrifuging the supernatant (S~EICSS~0_,0) at 100,000 g for 1 hour (Diagram 2 and Table II) . Stratification of the cellular particles was observed on examination of the active (S2EICSP.~0_60) pellet (Figs. 9 and 10) . The major portion of the pellet, however, contained granules with a diameter of approximately 200 m~. The gonadotropic hormone activity was removed from this pellet (S2EICSP30-60) by resuspending it in 0.9 per cent sodium chloride solution and centrifuging at 100,000 g for 30 minutes. This procedure was repeated twice for a total of three extractions. The activity was washed off the cellular material as indicated by the high activity in the extract (S2EICSP30-6oE) with essentially none remaining in the residue (S2EICSP30_60R) ( Table II) .
The residue fraction (S2EICSP~0_,0R) was examined with the electron microscope and there was a complete absence of the granules with only mitochondria and ergastoplasmic debris remaining (Fig. 11) . This, therefore, provides evidence that the gonadotropic hormone is associated with the granules, as the disappearance of granules occurred simultaneously with the removal of the hormone activity.
The pellet obtained by centrifugation of the supernatant ($2EICSS30_60) at 100,00 g for 1 hour was stratified, but consisted primarily of ergastoplasm and disrupted mitochondria. A small area of the pellet contained granules which were not removed at 30,000 g and this may account for the small amount of activity remaining in this pellet (Table II) .
These results seem to substantiate the hypothesis that the gonadotropic activity is associated with the 200 m# granules. It was considered desirable, however, to purify further the granule fraction. The technique which was applied to this problem was microfiltration.
Microfiltration.--In some of the very first experiments microfiltration was tried with the highly heterogeneous fractions with rather erratic and unsatisfactory results. Examination of the electron micrographs of the active fractions showed that the contaminating material was in general larger than the granules and it was found possible to filter the more nearly homogeneous fractions without clogging the pores in the Millipore HA filter paper (0.45 ~ pore size). The active S2E layer was diluted with 0.88 M sucrose to 3 ml. and filtered. The filtrate was assayed and found to be active. Attempts to assay the filter paper were unsatisfactory because it had to be dissolved with acetone which was toxic to the animals. The filtrate (S,2EF) was diluted to 5 ml. and centrifuged at 100,000 g for 1 hour. The small pellets (S2EFP) obtained by this procedure were found to contain practically all of the gonadotropic hormone activity with very little remaining in the supernatant (S2EFS) ( Table II) .
Electron micrographs (Fig. 12) showed essentially a pure granule fraction with no obvious stratification. Similar results have been obtained from filtration of the resuspended (S2EICSP30_~0) pellet which substantiate the findings on filtration of the S2E layer (Fig. 13) . GENERAL 
DISCUSSION
In this investigation it has been possible to retain a major part of the gonadotropic hormone activity in the solid cytoplasmic material for at least 6 hours during the manipulations required to arrive at an essentially homogeneous granule fraction. It appears from the data presented that the gonadotropic hormone activity is associated with the 200 mg granules. This is indicated by the high levels of hormone activity found in the essentially pure granule fraction and in other fractions which contain large numbers of these granules, whereas the activity was at a low level or absent from fractions which contained primarily other cytoplasmic material and few or none of these granules. Further evidence is provided by the fact that when the hormone activity is extracted from a pellet which contains mostly 200 mta granules the activity is found in the extract and the residue contains neither measurable hormone activity nor 200 m# granules. Results of assays using normal female rats in this work indicate that both follicle-stimulating and luteinizing hormone activities are associated with these granules, as the ovaries were large and contained both follicles and corpora lutea. Further work is required to determine the relative amounts of these hormone activities present. Also, these granule fractions have been assayed only for gonadotropic hormones and, therefore, the presence of other pituitary hormones has not been ruled out.
From our studies of intact castrate rat pituitaries and from the excellent electron microscopic studies of Farquhar and Rinehart (3) there appears to be little doubt that the cells which show castration changes contain granules of this size. Light microscopic studies of castrate rat pituitaries (21, 18, 4) indicate that these castration cells which are included among the basophils are PAS-positive and aldehyde fuchsin-negative and that changes in these ceils can be correlated with changes in gonadotropic hormone levels in the pituitary gland.
The isolation of an essentially homogeneous fraction which contains 200 m~ granules and retains a major portion of the gonadotropic hormone activity supports the hypothesis that PASpositive, aldehyde fuchsin-negative basophils which have been shown by electron microscopy to contain 200 mg granules secrete gonadotropic hormones.
There is little doubt that a major part of the gonadotropin is associated with the isolated 200 m~ granules. Further work is required, however, to show whether or not the hormone is synthesized in these granules or is only stored in them after production at some other site in the cell. .) and filtering it through Millipore HA paper, with a pore size of 0.45 #, and centrifuging the iiltrate at 100,000 for 1 hour. X 9,500.
